Rapidly, increasing air temperatures across the Arctic are thawing permafrost and exposing vast quantities of organic carbon, nitrogen, and phosphorus to microbial processing. Shifts in the absolute and relative supplies of these elements will likely alter patterns of ecosystem productivity and change the way carbon and nutrients are delivered from upland areas to surface waters such as rivers and lakes. The ultra-oligotrophic nature of surface waters across the Arctic renders these ecosystems particularly susceptible to changes in productivity and food web dynamics as permafrost thaw alters terrestrial-aquatic linkages. The objectives of this study were to evaluate decadal-scale patterns in surface water chemistry and assess potential Changes are also documented for discharge-corrected nitrate concentrations (+), discharge-corrected dissolved organic carbon concentrations (−), total phosphorus concentrations (−), and δ 13 C isotope values of aquatic invertebrate consumers (−).
are expected to alter nutrient cycling and productivity in arctic ecosystems. Substantial quantities of carbon (C), nitrogen (N), and phosphorus (P) are contained within permafrost layers (Belshe, Schuur, & Bolker, 2013; McGuire et al., 2012) and are an important source of nutrients for upland vegetation (Gough, Moore, Shaver, Simpson, & Johnson, 2012; Hobbie, Gough, & Shaver, 2005; Shaver & Chapin, 1980) . The fate of newly exposed soil organic matter as permafrost thaws is largely unknown. Despite containing ancient C dating back at least 50,000 years (Mann et al., 2015) , however, dissolved organic carbon (DOC) leached from newly thawed permafrost soils can provide a relatively labile C source for microbial and photochemical processing to CO 2 and CH 4 (Cory, Ward, Crump, & Kling, 2014; McGuire et al., 2009; Vonk et al., 2015) .
River ecosystems integrate chemical and ecological processes occurring throughout their upland watersheds (Battin et al., 2008) .
Consequently, monitoring dissolved and particulate chemical constituents in river water can potentially provide mechanistic insight into the effects of climate warming and associated permafrost thaw on the delivery of C and nutrients to arctic river ecosystems (Frey & McClelland, 2009; Holmes et al., 2013; Vonk et al., 2015) . While changes in the flux of C and nutrients from river ecosystems to the Arctic Ocean have been documented McClelland et al., 2014) , it is unclear how future changes to upland tundra and river ecosystems will alter the concentrations of C and nutrients in surface waters and thus how these changes may affect aquatic food webs .
Most studies of the biogeochemical effects of permafrost thaw are restricted to space-for-time designs or field and laboratory manipulations (Harms & Jones, 2012; Treat, Wollheim, Varner, & Bowden, 2016 ; but see : Toohey, Herman-Mercer, Schuster, Mutter, & Koch, 2016; Tank, Striegl, Mcclelland, & Kokelj, 2016) . To date, limited monitoring in the Arctic has prevented watershed-scale assessments of the ecological effects of warming. The objective of this study was to examine changes in chemical and ecological properties of the upper Kuparuk River in Arctic Alaska by analyzing longterm records of dissolved solutes, benthic organic matter, and isotope composition of aquatic invertebrates. We hypothesized that recent increases in permafrost temperature (Smith et al., 2010) would lead to thawing, allowing groundwater to leach minerals and cations from newly exposed soils leading to increasing stream and river alkalinity, major cation concentrations, and the ratio of calcium to sodium in surface waters (Frey & McClelland, 2009; Frey, Siegel, & Smith, 2007; Keller et al., 2010; Keller, Blum, & Kling, 2007) . We also hypothesize that the adsorption of the DOC and nutrients to mineral soils will lead to decreases in the supply of DOC to stream water (Striegl, Aiken, Dornblaser, Raymond, & Wickland, 2005) . Permafrost thaw is hypothesized to increase organic N mineralization and deepen groundwater flowpaths to a level below most plant roots, which will ultimately increase inorganic N in stream water (Frey & McClelland, 2009; Vonk et al., 2015) . Thawing permafrost will also expose phosphate-rich minerals, where leaching is hypothesized to ultimately increase concentrations of P in stream water (Hobbie et al., 1999; Vonk et al., 2015) . The relaxation of nutrient limitation due to increasing P concentrations is further hypothesized to increase productivity of algal-based epilithic biofilms (Kendrick & Huryn, 2015; Slavik et al., 2004) .
Watershed-scale changes in sources of C and nutrients entering surface waters are likely to have important consequences for biofilms that serve as the primary energy base for arctic river food webs Myrstener et al., 2018; Peterson, Bahr, & Kling, 1997) . Biofilms are important sites for metabolic and biogeochemical processes in rivers and streams (Battin, Besemer, Bengtsson, Romani, & Packmann, 2016) , and the ultra-oligotrophic nature of arctic rivers renders them particularly sensitive to changes in nutrient availability (Bowden, Peterson, Finlay, & Tucker, 1992; Kendrick & Huryn, 2015) .
Furthermore, the algal component of biofilms, in particular, supports both grazing and filter-feeding insects that are often the most productive invertebrate taxa in arctic streams (Kendrick, Hershey, & Huryn, 2019; Parker & Huryn, 2013) . As permafrost thaw alters organic and inorganic sources of C and the availability of limiting nutrients to arctic rivers, associated changes in algal-based biofilms that are driven by these variables will likely propagate through the food web to influence invertebrate consumers and aquatic food web properties Slavik et al., 2004) .
Alteration of C sources represents a potentially important shift in the structural energetics of arctic ecosystems and can be tracked, to varying degrees, by following C isotope ratios of food web compartments. Here, we assessed the stable isotope composition of the carbon sources (δ 13 C values) incorporated into riverine biofilms and subsequently into benthic invertebrate consumers to evaluate shifts in energy sources for a riverine food web. Since we have no indication that algal or invertebrate fractionation of carbon isotopes should have shifted over the period of study, we test a geologically based hypothesis that permafrost thaw will increase exposure of δ 13 C-enriched bedrock carbonate mineral soils (Clark, Lauriol, Harwood, & Marschner, 2001; Lehn et al., 2017) , providing a more enriched C source (as bicarbonate) available to primary producers, leading to an enrichment of benthic biofilms δ 13 C and ultimately δ 13 C of aquatic
invertebrates. An alternative to the geologically based hypothesis is a microbially based hypothesis that warming temperatures and thawing permafrost will lead to increased microbial activity and a greater contribution of depleted δ 13 C-dissolved inorganic carbon (DIC) to river water, ultimately leading to more depleted δ 13 C signatures of benthic biofilms and aquatic invertebrates. Mechanisms underlying this hypothesis may include an increase in the relative importance of biogenic, rather than atmospheric CO 2 , or a shift toward incorporation of methane-derived C into the food web. For example, increased concentrations of methane in surface waters are associated with permafrost thaw (Paytan et al., 2015) and could increase production of methane-oxidizing bacteria in riverine sediments (Shelley, Grey, & Trimmer, 2014; Trimmer, Maanoja, Hildrew, Pretty, & Grey, 2010) . Increasing microbial activity and the incorporation of methane-oxidizing bacteria into invertebrate food resources would ultimately lead to more depleted δ
13
C signature of aquatic invertebrates. Addressing the hypotheses presented above will allow for a KENDRICK ET AL.
| 5739 more comprehensive and mechanistic understanding of terrestrialaquatic linkages in the Arctic and how climate warming and permafrost thaw relate to ecological properties of arctic river ecosystems.
| MATERIALS AND METHODS

| Climate in the Toolik Lake region
Despite substantial evidence for warming in coastal regions of Arctic Alaska, no significant trends in air temperature or precipitation have been documented for the foothills region of Arctic Alaska near Toolik Lake (Cherry et al., 2014) . This has been attributed to the relatively short period of available climate data (~25 years) and the highly variable nature of these data (Cherry et al., 2014) . Despite the lack of direct climate signals, other indicators suggest that this region is undergoing rapid change due to shifting climate (Hobbie et al., 2017) . Permafrost temperatures at a 20-m depth near Toolik Lake, for instance, have increased 0.8°C over a 20-year time period (Romanovsky et al., 2013) . Permafrost temperatures at this depth integrate temperatures over a longer time period and reduce noise associated with direct measurements of air temperature (Smith et al., 2010) . Temperature-related increases in permafrost weathering and thaw depth are also evidenced by increases in dissolved alkalinity and shifts in geochemical tracer elements in Toolik Lake . Increases in the abundance of vascular plants compared with nonvascular plants and increases in plant productivity have also been observed in the Toolik region (Hobbie et al., 2017) .
| Study site
The headwaters of the Kuparuk River are in the foothills of the Brooks Range in northern Alaska (mean annual air temperature −8.5°C; Cherry et al., 2014) and flow north toward the Arctic Ocean.
Our study reach is near the Dalton Highway (68.65 N, −149.41 W) crossing where the Kuparuk River is a fourth-order stream with a drainage area of~143 km 2 ; there is no input of water from glaciers in the watershed. Snowmelt-generated peak discharge generally occurs in late May or early June. Mean summer (defined as data collected between June 1 and August 18) water temperature ranges from 8°C to 13°C, and water column and bed sediments are completely frozen during the winter . Riffle and pool substrata are generally cobbles and boulders. The main channel has a sinuosity, or ratio of channel length to down-valley distance, of 1.5 (Kriet, Peterson, & Corliss, 1992) .
Production by the algal community that serves as the primary energy base for food webs in the Kuparuk River is primarily limited by P (Peterson, Fry, Deegan, & Hershey, 1993) Bowden et al., 1992; Kendrick & Huryn, 2015) . Carbon export is dominated by dissolved fractions with 59% and 34% of total C exports being DOC and DIC, respectively; the remaining fraction is exported as particulate C (Peterson, Hobbie, & Corliss, 1986 
| Chemical analyses
Nitrate-N and nitrite-N concentrations were analyzed using Quik- Epilithic chlorophyll (1985-2016) and particulates C, N, and P (2004-2016) were collected from rock surfaces by scrubbing a known area of rock surface with a steel brush. The rock surface was then rinsed with a known amount of water to produce a slurry from which aliquots were filtered through a pre-ashed glass fiber filter (GFF).
Particulates C and N from filters were measured using FlashEA ® elemental analyzer (Thermo Scientific). Particulate P was analyzed on
GFFs by following the TDP method above. Chlorophyll was measured using acetone extraction and fluorometry (Arar & Collins 1997) .
| Carbon stable isotopes
In 1986, 1998, and 2011, bulk epilithic biofilm was collected for C and N isotope analysis using the rock scrub techniques described above. Aquatic insects sampled for the analysis of isotopic composition were either dried immediately after collection from the river or taken from samples preserved with 70% ethanol or 4% formaldehyde. Three insect taxa were collected for C and N bulk isotope analysis: the grazing mayfly Acentrella lapponica (Ephemeroptera:
Baetidae) which feeds on epilithic biofilms, the grazing midge Orthocladius rivulorum (Chironomidae: Diptera) which feeds on a monoculture of diatoms on a silken tube, and the Simuliidae (Diptera) which filter seston from the water column. Analysis of gut contents of O. rivulorum from 1986 (Hershey et al., 1988) and again in 2011 (Kendrick, 2016) shows that during years when isotope samples were collected, this species fed almost exclusively on the diatom The Suess effect, or the increasingly depleted δ 13 C signature of atmospheric CO 2 due largely to burning of fossil fuels, can influence decadal-scale patterns of C isotopes (Keeling, 1979) . Because of this, we initially applied a Suess effect correction using equations from Schelske and Hodell (1995) and Verburg (2007) . The results of our analyses, however, changed by <1‰. While some evidence indicates that preservation in both ethanol and formalin can influence δ 
| Analyses
Temporal changes in the concentration of stream water constituents and bulk δ 13 C were assessed using Kendall rank correlations (tau) and associated Sen slopes, which are analogous to r 2 and slopes from ordinary least squares regressions, respectively. Kendall correlations are robust to missing data, temporal autocorrelation, and non-normality (Carslaw & Ropkins, 2012 , 1980s, 1990s) . These relationships were compared using least squares means which standardizes the decadal mean concentrations to an average discharge followed by pairwise comparisons of discharge-corrected concentrations for each period of available data. All analyses were conducted in R using packages "doBy," "EnvStats," "lsmeans" (Højsgaard, Halekoh, Cox, Leidi, & Højsgaard, 2015; Lenth, 2016; Millard, 2013; R Core Team, 2015) .
| RESULTS
Our data show no systematic trend in water temperature or discharge from 1986 to 2014 (p = 0.90 and 0.68 for temperature and discharge, respectively; Figure 1 ). Mean summer daily water temperature was 9.3°C (range = 3.0-15.9°C) and mean summer daily discharge was 2.65 m 3 /s (range = 0.06-48.9 m 3 /s) during this period.
Concentrations of SRP, which were usually below the limits of detection, and potassium, sodium, DOC, and TDN did not significantly change over the study period (not shown). In contrast, concentrations of alkalinity, calcium, magnesium, sulfate, nitrate, ammonium, and the ratio of TDN:TDP increased significantly ( Epilithic C, N, and P showed significant increases from 2004 to 2016, when data were available (Supporting Information Figure S1 ).
Because data on biofilm C, N, or P are available for only a relatively short time period, it is difficult to make a comparison with multi-decadal trends in water chemistry. Similar changes were found for Acentrella and Simuliidae regardless of whether samples had been preserved in 70% ethanol or 4% formaldehyde (Supporting Information Table S4 ). Table S6 ). trends in nearby Toolik Lake using strontium isotopes and cation elemental ratios (e.g., Ca:Na) and concluded that increasing thaw depth in the watershed was the likely cause of increasing alkalinity documented in surface water. Increasing thaw depth within the upper Kuparuk watershed is at first surprising given that no trend in increasing air temperature is yet evident in the records available for the Toolik Lake and upper Kuparuk River; however, increases in permafrost temperatures have been well documented in the region (Cherry et al., 2014; Hobbie et al., 2017; Romanovsky et al., 2013; Smith et al., 2010) . As shown by Keller et al. (2010) , only a small increase in thaw depth is required to produce the signal of permafrost thaw observed in their study (e.g., 0.6 mm for nearby Toolik Lake watershed) and monitoring of permafrost thaw using traditional thaw-probe techniques would be unlikely to detect such small changes. We conclude that, in the case of the upper Kuparuk River drainage, a small, yet systematic increase in the thaw depth across the watershed, or localized areas with larger levels of permafrost thaw, can explain the geochemical trends reported here.
| DISCUSSION
The exposure of newly thawed permafrost is expected to alter the availability of macronutrients such as N and P. As a limiting nutrient for many terrestrial arctic ecosystems, N availability in tundra soils is regulated by rapid internal cycling via microbial mineralization and plant uptake and mobilization in the tundra, with little input from external sources (Shaver & Chapin, 1986; Shaver et al., 1992 Shaver et al., , 2014 . Experimental and space-for-time studies both suggest that warming-induced increases of N mineralization in shallow soils and slow uptake of N mobilized in areas of deep subsurface flow, together, should lead to increases in the export of inorganic N from terrestrial ecosystems (Jones, Petrone, Finlay, Hinzman, & Bolton, 2005; Petrone et al., 2006; Schimel, Bilbrough, & Welker, 2004) .
Since riparian, hyporheic, and in-stream processes can also be important sites of inorganic N transformations McClain et al., 2003) , it can be difficult to assess the dominant species of N being exported from upland terrestrial environments (e.g., nitrification that ultimately contributes to observed increases in discharge-corrected NO 3 -N concentrations in stream water (Peterson et al., 1997; Snyder & Bowden, 2014; Zarnetske et al., 2008) .
As the limiting nutrient of many aquatic ecosystems in the Arctic, changes in the supply of P to surface waters have the potential to greatly alter the structure and function of aquatic ecosystems (Lougheed, 2015; Slavik et al., 2004) . Our results, however, do not necessarily support the hypothesis that increased exposure of phosphate-rich mineral soils will leach P into groundwater, ultimately leading to increases in P supply to surface water ecosystems (Frey & McClelland, 2009; Hobbie et al., 1999; Pearce et al., 2015) . Modeling approaches, for example, have suggested that climate warming will lead to tighter cycling of P in upland environments (Jiang et al., 2016) and thus potentially decrease the supply of P to surface waters. Our results are more consistent with this latter hypothesis.
Our ability to assess the supply of inorganic P, however, is limited because concentrations are often near or below detection, and increasing P supply may not manifest as increasing concentration in stream water due to rapid uptake of P by benthic stream algae (Slavik et al., 2004 ). Our results demonstrate that most of the change in P concentration observed in the Kuparuk River is due to decreases in DOP rather than inorganic forms, and abiotic sorption of organic phosphorus may be an important component to phosphorus dynamics in thawing permafrost soils (Striegl et al., 2005) .
Since exposure of mineral soils is expected to increase sorption of organic material to mineral/clay particles, decreased levels of dissolved organic matter, including C, N, and P, may be expected as permafrost thaws (Frey & McClelland, 2009; Kawahigashi, Kaiser, Rodionov, & Guggenberger, 2006; Pokrovsky et al., 2015 ; Figure 7 ). This hypothesis is largely consistent with our data which shows decreases in DOC and DOP concentrations through time. Dissolved organic nitrogen, however, does not show a significant change in concentration through time, although the data for DON are not available prior to 2000.
Increasing microbial activity could also be contributing to decreases in DOC and DOP with dissolved organic matter from newly exposed permafrost being highly labile and readily mineralized by microbial activity (Mann et al., 2012; Vonk et al., 2013) . Saros et al. (2015) suggested that decreasing DOC in arctic lakes was caused by increased 
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F I G U R E 4 Nitrate-N and dissolved organic carbon (DOC) concentrations as they relate to discharge at time of sample collection (a and b) and discharge-corrected concentrations of nitrate-N and DOC for each representative decade in the upper Kuparuk River (c and d) acidification due to the delivery of biogenic sulfate via atmospheric deposition (Sharma et al., 2012) . Analysis of precipitation data from the Toolik Field Station, which is near the upper Kuparuk River, shows no change in average summer sulfate wet precipitation (Kendall tau = −0.33, p = 0.09; Shaver, 2006) , however, indicating that increases in atmospheric sulfate are unlikely the cause for decreasing dissolved organic matter in our study system. The increasing ratio of TDN to TDP in surface waters of the upper Kuparuk River is indicative of shifts in how these nutrients are cycled within upland terrestrial (e.g., Jiang et al., 2016) and aquatic ecosystems. The relative supply of nutrients from upland environments to surface waters can have important implications for food web properties and consumer productivity (Cross, Benstead, Frost, & Thomas, 2005; Elser et al., 2009) . The productivity of our study system, like many arctic rivers, is P-limited, and decreasing P supply may thus be reducing biofilm productivity and nitrate uptake, further driving the increasing ratio of N:P. Changes to nutrient concentrations and nutrient limitation have also been documented in Arctic tundra ponds where Lougheed et al. (2015) found increases in dissolved nitrogen and phosphorus and a shift from P to N and P colimitation of benthic biofilms over a 40-year period. Decreased P concentration in the current study could also be explained by increased uptake by biofilms and thus the removal of P from the water column, rather than a reduced supply of P from upland environments. While epilithic C, N, (Ishikawa, Hyodo, & Tayasu, 2013) , and observed shifts of~7‰ in the invertebrate carbon isotopic composition are thus likely due to changes in the δ 13 C of food resources (e.g., some component of algal-based biofilms). Since the C isotope composition of phototrophic biofilms that serve as the food resources for aquatic invertebrates is influenced by both algal fractionation and factors influencing the δ 13 C of source carbon (Finlay, 2004) , it is important to understand the relative roles of these factors in explaining the systematic shift toward more depleted δ 13 C signature in aquatic invertebrates in our study.
Photosynthetic fractionation is most apparent when CO 2 is readily available and algal growth rates are high (Finlay & Kendall, 2007) .
Since CO 2 is consistently supersaturated in the upper Kuparuk River (Abbott, Jones, Godsey, Larouche, & Bowden, 2015; Kling, Kipphut, & Miller, 1991) , it is unlikely that changes in CO 2 concentrations significantly affect fractionation of C by algae here. Changes in water velocity can affect boundary layer conditions around epilithic biofilms, altering local C-limitation and thus δ 13 C signatures (Finlay, Power, & Cabana, 1999) . This is unlikely to have influenced C isotope dynamics in our study since no systematic trend in mean discharge, and thus current velocity, is documented over our study period. Photosynthetic rate and algal biomass are also important factors controlling fractionation of δ 13 C by algae (Macleod & Barton, 1998) , but measures of epilithic chlorophyll and photosynthetic rate (as summer gross primary production) show no systematic trend at our study site (Kendrick & Huryn, 2015; Slavik et al., 2004) .
Source dynamics are a major component of C isotopic patterns in benthic biofilms and aquatic invertebrates (Finlay & Kendall, 2007) , and | 5745 changes to the hydrologic connectivity between the aquatic environments and the landscape can greatly affect the flux of terrestrial carbon to rivers (Hotchkiss et al., 2015; Kling, Kipphut, & Miller, 1991) . As permafrost thaw increases solute supply, terrestrially derived C will likely become an increasingly important component of C dynamics and food webs of fluvial networks in the Arctic. The routes through which terrestrially derived C will influence surface water ecosystems, however, remain unclear. Changes in the contribution of groundwater to stream flow, for example, can have important effects on δ
13
C of dissolved carbon in surface water (Kendall, 1993) . As a potential explanation for patterns documented in this study, it is unlikely that increasing thaw depth is exposing soils with more depleted δ 13 C signature since there is little evidence that δ 13 C isotopic composition of deeper thaw depths or older aged permafrost soils is substantially more depleted than soils with shallower thaw depths (Lehn et al., 2017; Xu, Guo, Ping, & White, 2009) . Similarly, since carbonate in our study region has a δ 13 C value of approximately −1‰ (Clark & Lauriol, 1992) , increasing contribution of bedrock carbonate to producer biomass is also not a likely explanation for consumer isotope patterns.
A more compelling explanation of the increasingly depleted carbon signatures shown in this study is the hypothesis that increases in microbial activity associated with warming and permafrost thaw are leading to reductions in δ 13 C-DIC of river water, ultimately reducing carbon signature of consumers. Two nonmutually exclusive mechanisms could be contributing to microbially related reductions in δ 13 C-DIC of river water. First, reductions in δ 13 C-DIC could be resulting from increased contributions of biogenic CO 2 from groundwater to the riverine DIC pool. Biogenic CO 2 has a more depleted δ 13 C signature than atmospheric CO 2 (Finlay, 2003) , and increases in microbial activity may increase the relative importance of biogenic CO 2 to the overall DIC pool, resulting in depleted δ 13 C-DIC that supports aquatic food webs. Due to the variable nature of dissolved gases in lotic ecosystems, however, assessing long-term trends in gas concentrations would require relatively high-frequency sampling that has not historically been conducted near our study site.
A second mechanism to explain the increasingly depleted carbon signatures is the incorporation of methane-derived C into food webs (Hershey, Northington, & Whalen, 2014; Trimmer et al., 2012) .
When carbon is reduced under the anoxic conditions that characterize much of the arctic tundra (Schuur et al., 2008) , carbon is often converted to methane which can have an extremely depleted δ 13 C signature (Hershey et al., 2014) . Since permafrost thaw is known to contribute to increased methane concentrations in surface waters of nearby Toolik Lake (Paytan et al., 2015) , it is plausible that this process is increasing methane concentrations in surface and groundwa- would reduce the δ 13 C signature of carbon in aquatic environments and may explain the trends in carbon isotope signatures observed in this study. Since Orthocladius and Acentrella show the strongest changes in isotopic signatures and feed more selectively on algal resource than Simuliidae, this suggests that subsets of C resources available to consumers within our study system are changing at a rapid pace, while the bulk of biofilm carbon remains relatively unchanged. Regardless of the mechanisms, however, shifting C isotope composition of aquatic invertebrates in the upper Kuparuk
River is indicative of changes to the carbon that supports the aquatic food web, likely resulting from warming temperatures and thawing permafrost.
This study used an integrated assessment of geochemical, biological, and ecological change to illustrate how climate warming and permafrost thaw may be leading to changes in the absolute and relative supplies of C, N, and P to arctic river ecosystems and altering sources of C supporting its aquatic food webs. While no significant trends in air temperature or precipitation are evident from the relatively short period of climate data available near our study site (Cherry et al., 2014; Hobbie et al., 2017) , environmental and ecological parameters that integrate climate signals were effectively used to better understand the effects of climate warming in Arctic Alaska.
These results provide insight into some of the mechanistic consequences of thawing permafrost in the Arctic and suggest that future increases in temperature will continue to alter the stoichiometry of nutrient cycling, further exacerbate P limitation, and further alter the isotope composition of C that supports aquatic food webs in the
Arctic. Our data demonstrate how subtle, but important changes to the terrestrial arctic environment are directly linked to changes in the aquatic environment (including downstream ecosystems) on which many species, including indigenous people, depend. Understanding these interdependencies in the context of continued warming will be critical to developing effective response strategies. 
